Preservation of an endangered language is an important and difficult task. The preservation project should include documentation, archiving and development of shared resources for the endangered language. In addition, the project will consider how to revitalize this endangered language among the younger generation. In this paper, we propose an integrated framework that will connect the three different tasks: language archiving, language processing and creating learning materials. We are using this framework to document one Taiwanese aboriginal language: Yami. The proposed framework should be an effective tool for documenting other endangered languages in Asia.
Introduction
The impact of globalization and urbanization has caused many aboriginal languages on our planet to go extinct. This language death process not only reduces the number of native languages but also wipes out the cultural heritage connected with those languages (Xu 2001 ). Therefore, preservation and archiving of these endangered native languages is vital and critical. Many projects around the world are seeking to preserve these endangered native languages (e.g., Lublinskaya 2002; Psutka 2002 ).
The attempt to preserve an endangered language includes several steps: documenting and recording the oral and written literature, compiling the grammar and a dictionary of the language, and annotating the documentation related to this language. It is also important to find an effective approach to teach the endangered language to the ethnic group using the language, particularly to members of the younger generation, who often live in urban areas without any connection to their place of origin.
According to a study by Whaley (2003) , the factors required to help an endangered language survive include:
1. a well developed preservation and maintenance program for the language; 2. use of information technology in the preserving project; 3. a new world order, especially economic and political shifts; 4. an environment for learning and exploring the language.
Based on the above discussion, it is important that an endangered language preservation and documentation project should be comprehensive and carefully planned. This project needs to take advantage of state-of-the-art technologies and establish an environment for learning.
In order to successfully document and preserve a Batanic language, Yami, we propose an approach of archiving and development of an environment that fosters learning of the language. The Yami language, used by the Yami tribe on Orchid Island, is an oral language in which most of the content is closely connected to the traditional life style and cultural heritage. However, many Yami people have moved to cities in Taiwan and have lost their connection to the Yami society on Orchid Island. The death of the older generation has hastened the decline of the Yami language. According to Rau's (1995) sociolinguistic survey on Orchid Island, Iraralay is the only community of the six villages on the island where children still use some Yami for daily interaction. Although Yami has been offered as an elective in elementary school since 1998, Yami is gradually being replaced by Mandarin Chinese. Among the junior high school students on the island, 60% either believed Yami would die eventually or were uncertain about the fate of the language.
The approach proposes a comprehensive series of steps to collect and record the Yami language. In addition, the work includes development of a learning method that will be effective with Yami youngsters who live in urban areas. Although the complete work of documentation will take many years, the Yami language is in danger of being lost due to rapid urbanization. Therefore, we have developed a strategy to make language items available in learning materials as soon as they have been collected, taking advantage of information technology and computer networking. Using these technologies we have developed an integrated platform for documenting, processing and learning that will help both Yami youngsters and other students taking Yami as a second language.
The integrated platform is built on a main web server with several supporting servers. The main server is designed as the server for resource management and the supporting servers are designed for different purposes. The purpose of this design is to effectively edit the oral recording of the Yami language and to make the language learning materials. The proposed platform includes three subsystems:
1. a subsystem to manage and edit the digital archiving of the Yami language, 2. a subsystem to handle the workflow of collecting oral recordings of the Yami language, 3. a subsystem to create and manage the Yami language learning materials. Each subsystem is installed on one or two servers. All these subsystems will be described in detail in Section 3.
Although most ideas in the proposed integrated framework has been used for other language documentation and learning, the proposed framework is an initiative for archiving and teaching an endangered language. The attempt of our study is not only to use technologies to preserve an endangered language but also to develop a well-accepted platform for this language. Hence, people can learn and appreciate this language and its cultural heritage.
The proposed framework is used in an ongoing grant-supported project for archiving and documenting the Yami language (ELDP, MDP0114). The collection of Yami language materials began in 1994. Currently, we are implementing the computer systems and database in this integrated framework. In the later section, we will report on our current progress.
The remainder of this paper is organized as follows. Section 2 is a description of the process of collecting the material for archiving. Section 3 shows the proposed integrated framework and a brief description of related methodologies. Section 4 illustrates the current development of the system, followed by conclusion and future directions in Section 5.
Materials to be Documented
In addition to digitally archiving the 20 narratives, reference grammar, trilingual dictionary with 2000 entries , and multimedia pedagogical materials , we also collaborated with local consultants to document daily conversations, business transactions, festivals, and ceremonies.
The topics were selected based on consultation of previous research on Yami ethnography, and are designed to meet the standards stipulated by the R.O.C. Ministry of Education for developing Austronesian teaching materials in Taiwan. The topics are closely related to those selected for inclusion in four volumes of Yami multimedia teaching materials the second author is currently developing.
Integrated Framework
In this section, we will describe our design and the theoretical framework behind the design. The project is divided into four major steps:
(1) field recording: recording the oral sound data of the Yami language, (2) archiving: editing the sound data and annotating the data using the metadata, (3) multimedia transformation: analyzing the original data and creating a multimedia Yami dictionary and text description, (4) e-Learning: creating online Yami language learning materials. The framework is designed to meet two requirements of our Yami language archiving project:
(1) to build a complete and original archiving database for Yami language including speech of various genres, grammar, vocabulary and cultural artifacts. (2) to create learning materials in an easyto-learn environment via internet and computer.
Field Recording
First of all, the existing records collected by the research team since 1994 will be organized and digitalized, along with new field recordings. In our project, we will develop an oral speech archiving database to store these oral recordings. Each recording will be scanned to find the basic sound characteristics and transferred to digital data. The sound characteristics are used for comparing and tracking these recordings. Following a study by Chen (1996) about tone and stress patterns in Asian languages, we will extract information on intonation and stress from the field recording. This information will later be used to create the learning material. The field recordings are arranged by segments, ranging from words in isolation to "idea units" or "tone units" (Chafe 1979 ) in continuous speech.
Once a segment of the field recording has been completed, the original data is stored in the computer and two different types of digital data are created. These include MP3 data that will be used for creating the learning materials and the annotated digital data in which the recordings are separated into phrases with Chinese and English translations. All these data are stored in a relational database with the recording date used as the searching key.
The processing of field recordings is considered to be the preparation and preprocessing stage of the Yami language documentation project. The voice database is used to create the archived data and learning materials.
Archiving
The archiving step begins with editing the voice database and construction of the OLAC metadata for each entity in the voice database. The original sound tracks in the field recording database are edited to improve clarity of the sound by using sampling techniques (Kientzle 1998) . The edited sounds are stored as the new sound records in the voice database.
The metadata used for describing Yami language is the OLAC metadata, an extended Dublin Core set with basic elements of language resources. To meet the requirement of the linguistic community, certain new extension elements are put in the OLAC set following DCMI guidelines (DCMI 2000) . To build a proper OLAC metadata for the Yami language, we have chosen to adopt the OLAC set proposed by Bird and Simons (Bird et al. 2001 , Bird & Simons 2003 for this project. Because Yami is primarily an oral language, we use a subset of this OLAC set. The OLAC elements used in this project are: {Title, Creator, Subject, Subject language, Description, Publisher, Contributor, Date, Type, Format, Identifier, Source, Language, Relation, Rights}. The reason for selecting these elements is to create a common description of the Yami language. Furthermore, after reviewing the field study materials, we can show that the above OLAC subset can meet the basic requirement for describing the Yami language. The rules to apply these OLAC elements to each recording of the Yami language are:
( In the archiving step we will also consider how to build a database of the controlled vocabularies for the Yami language. We will use three sources for the controlled vocabulary in this project: lexicon, primary text and language description. Another goal of this step is to build a Yami language online phrase dictionary. The OLAC metadata are used for parsing and editing with the voice database to create a Yami language online phrase dictionary. We will develop an auto dictionary-generating program that can process the OLAC metadata and find suitable terms. In addition, we use the grammar and course materials of Yami language multimedia courseware created by to build our on-line multimedia Yami language phrase dictionary.
When the metadata of a set of the Yami language sound tracks are completed, the results will be published online on our web site. This year, our focus is aligning the OLAC metadata of the Yami language sound tracks with the multimedia courseware by . Later, we will try to use ontology to determine rules for creating metadata automatically and to develop an automatic metadata generator for the Yami language.
Multimedia Transformation
The Yami language is basically a spoken language, although an orthography is being developed and standardized as texts are collected. To preserve the Yami language, we will use an image database to annotate the language. In addition, each word in Yami is annotated with its orthography stored in a sound database. The purpose of this transformation is to build an image for each Yami word. Therefore, the meaning of the word can be related directly to a picture. The reasons why we have chosen to use this approach to annotate the Yami language are as follows:
( 1 The steps for multimedia transformation of the Yami language are as follows:
(1) Collect suitable images for building the annotated image database. We will consult many other research teams to borrow Yami images and video recordings. Yami word and its phonetic symbols by using the fuzzy logic learning algorithm.
The results of multimedia transformation can be used as a foundation for creating online learning material. The results are stored in a relational multimedia database as well as the XML pages.
e-Learning
The final task of our project is to find an effective way to teach the Yami language to urban Yami youngsters and other learners of Yami as a second language. To build an open and selflearning environment, the computer-based learning or the webs for learning is our choice. There have been various discussions about how to use information technologies and the web to learn a different language. Gerbault (2002) showed that it is viable to set up a proper multimedia environment for leaning a language without a teacher's participation. Fujii et al. (2000) demonstrated a project using the Internet as a tool for the teacher to post course materials and create an online learning environment. In addition, Lamb (2005) suggested rethinking pedagogical models for e-learning from the what, the why and the how. e-Learning consists of self-access, reference sources, discussion forum, and virtual learning classrooms. The main motives for introducing e-learning include improving student multimedia learning experience, enhancing learner autonomy and widening participation. Finally, e-learning can be controlled primarily by tutors or students, depending on objectives, contents, learning tasks, length/time/place of study, or choice of assessment activities.
As mentioned in a study by Leung (2003) , the computer-based learning environment is very important as a way to help students learn effectively. In order to provide an effective learning environment, Leung (2003) suggested that four contextual issues should be considered in design and implementation of computer-based learning. These issues are topic selection, authenticity, complexity, and multiple perspectives. The design of the web-based computer-assisted learning program for the Yami language takes these four issues into consideration. We outline our design as follows.
The learning environment in this project is a virtual classroom without teacher participation. Students can select the Yami language learning materials prepared by the second author. If a student asks for clues or explanation of a specific Yami word or expression, a suitable image or video clip is retrieved from the multimedia database. If a student is not familiar with a specific Yami sound, a similar phonetic symbol is provided to him/her. The learning materials are arranged in three different settings, scenario setting, easy-to-difficult condition setting and learner's choice setting. The scenario setting uses related scenes in Yami society such as the flying fish festival as a main theme of the learning materials. The easy-to-difficult condition setting allows the learner to select different levels of the Yami language materials. The levels are based on word frequencies and complexity of grammar. The learner can arrange his/her learning materials in the learner's chosen setting. The learning system will give detailed guidelines to explain how to choose the learning materials. If a student wants to learn the Yami language, he/she can choose different learning materials based on his/her interest. The learning materials are designed as theme units with exercises and rubrics for self-assessment. The design of these Yami language exercises is based on a study about the reactions of students to using a web-based system for learning Chinese in Taiwan (Yang, 2001 ).
We use the annotated image database as a tool to help the learners understand the meaning of Yami words or expressions. To make the pictorial explanation more understandable, an animation clip combined with several images is created to explain them.
A study by Aist (2002) showed that different designs of the oral-reading interactions can help students understand the language more. The learning system will provide several reading modes for students to listen and practice. These modes include: to read the entire sentence without interruption, to read the entire sentence by isolating each word, to read a word slowly syllable-by-syllable, recue the whole sentence and recue the selected words.
The interface of the proposed learning environment is built on a web server with a dynamic web page. To establish a more efficient learning environment, all the learning materials are edited into reusable learning objects. The user interface is developed as an adaptive style following Mich et al.'s (2004) PARLING system.
The proposed framework is illustrated in Figure 1 . 
Implementation of the proposed Framework
We implement the proposed framework as a hybrid system with many different processes including:
(1) Data collection and formulation: to collect the original Yami language data and to build the metadata and the table for digital archiving.
(2) System design and analysis: to design and develop suitable computer systems and servers to accommodate the proposed framework.
(3) Research and construction of proposed framework: to develop each subsystem or database shown in Figure 1 , such as the OLAC metadata database, the annotated image database and the Yami language learning materials.
(4) Assessment and evaluation: to test the effectiveness of the proposed learning ma-terials and to evaluate whether the project goals were accomplished.
Currently, we are collecting the Yami language materials and building the system server for the proposed framework. We will use a SQL server as the main sever to manage the workflow and the documentation logs. A PHP web server with mySQL server is used as a server for multimedia transformation. Another SQL server is used as the archiving server. The system diagram of the proposed framework is shown in Figure 2 . 
Conclusion and future studies
This paper describes an integrated framework for archiving and processing the Yami language. In addition, the framework includes the process for developing online learning materials for the endangered language. We use this framework for the Yami language preservation project. The project is continuously developing. We hope that this project can serve as a model for other endangered language preservation projects in Asia.
